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Stream Channelization and the Genetic Diversity of Creek Chubs !
(Semotilus atromaculatus) !!
Zane Anderson & Dr. Mark Jordan (Advisor) !
Introduction!
!
Genetic diversity is critical to the sustainability of populations. Reduction in a species 
genetic diversity can affect its ability to adapt to ecological changes and/or decrease 
fitness by inbreeding depression (Coors et al. 2009). Freshwater habitats are strongly 
affected by transformation of the landscape through agricultural and urbanization. This 
conversion has led to channelization of headwater streams, reducing stream habitat 
quality. Reduction in habitat quality has been shown to reduce genetic diversity in 
freshwater systems. The streams found in the Midwest are largely channelized ditches 
that have been altered for rapid draining of water from the agricultural fields (Dudgeon 
et al., 2006). !
!
The creek chub (Semotilus atromaculatus) is an abundant freshwater species found 
inhabiting these altered headwater streams. It has been observed that the creek chub 
has a high tolerance to habitat degradation. Assays that analyze genetic variation of 
disturbed aquatic systems are essential tools for ecologist and evolutionists. Amplified 
Fragment Length Polymorphism (AFLP) is a powerful molecular marker technique that 
is ideal for non-model species because of the possible large number of loci produced 
without any or much prior knowledge of the species genome. The unique profile of 
AFLPs consists of dominant markers that are generated by complete digestion and 
restriction of total genomic DNA, which is followed by selective PCR amplification 
(Meudt and Clarke 2007). !
!
The objective of this study was to evaluate the hypothesis that anthropogenic 
affects are producing genetic variations in S. atromaculatus populations. 
Sample localities with varied agricultural activity surrounding headwater 
streams were compared. Finally, the data were also compared to prior work 
involving microsatellite loci.!
Laboratory procedure!
AFLP analysis was carried out using the protocol of Vos et al. (1995) on 99 individuals 
across three different populations of S. atromaculatus (Fig. 1). Restriction 
fragmentation was carried out using MseI/EcoRI. MseI + A (5’- -3’) and EcoRI + A (5’- 
-3’) primers were used for preselective PCR. Four selective primer pair combinations 
were used in the final amplification process (Table 1). Amplified fragments were 
observed using acrylamide gel electrophoresis. Resulting fragments were 
characterized using a 3730XL DNA Analyzer (Applied Biosystems) at the DNA 
Analysis Facility at Yale University. !
 !
AFLP scoring and genetic analysis!
Electropherograms were read using Peak Scanner 1.0 software (Applied Biosystems). 
Scoring of markers was done through RawGeno package (Arrigo, Tuszynski et al. 
2009) with the following parameters: scoring range, 50-500 bp; minimum intensity, 100 
rfu; minimum bin width, 1.0 bp; maximum bin width, 1.5 bp. Genetic variation and 
differentiation (FST )  was estimated using AFLPsurv 1.0 software (Vekemans 2002).  !
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The hypothesis that genetic variation would decrease in S. atromaculatus 
populations in unfavorable aquatic habitats was not supported. Allelic diversity was 
in fact lowest in the sites that were covered by forest. No differentiation among 
populations was detected. These results largely corroborate a prior study involving 
microsatellite loci in the same populations of S. atromaculatus (Jordan et al. 2013).!
!
Future work will incorporate the three remaining primer combinations. Additionally, 
an analysis will be conducted on outlier loci for the detection of possible natural 
selection associated with habitat.!
 !
Fig. 2. Percentage of polymorphic loci at three 
populations sites at the 5% level.!
Fig. 3. Expected heterozygosity under Hardy-Weinberg 
genotypic proportions at three populations sites.!
 
Among the 99 individuals sampled across the three sample localities, the 199 
AFLP loci were produced from the scored primer combination. Heterozygosites 
ranged from 0.25-0.28 at sample localities (Table 2,Fig. 3.) The fewest number 
of alleles were found in the forested sample (Table 2, Fig. 2). No genetic 
differentiation among population sites was observed (global FST = 0.00, P > 
0.05). 
  !
Fig 1. Sampling map indicating location of sampling localities. Sample size is shown in brackets for 
each locality. The three populations of S. atromaculatus are characterized as follows: Forest MI 
(REF A) – unchannelized, forested site in Michigan; Agriculture MI (REF D and E) - channelized 
with agricultural land cover; Agriculture IN (ALG and AXL) – channelized with agricultural land 
cover.  !
ALG!
REF D!
REF E!
REF A!
AXL!
(34)!
!
(33)!
(32)!
69!
70!
71!
72!
73!
74!
75!
76!
77!
78!
79!
80!
%
 o
f P
ol
ym
or
ph
ic
 lo
ci
!
Forest MI 
Agricultural MI 
Agricultural IN 
0!
0.05!
0.1!
0.15!
0.2!
0.25!
0.3!
0.35!
H
et
er
oz
yg
os
ity
 (H
E)
 
Forest MI!
Agricultural MI!
Agricultural IN!
